Purpose This study evaluates colon transit time (CTT) and anorectal manometry (ARM) in spina bifida (SB) patients in relation to the level of lesion, mobility, constipation, and continence status. Methods SB patients between 6 and 19 years, who are not using antegrade continence enemas and followed at the SB Reference Centre UZ Ghent, were asked to participate. Medical history was retrospectively retrieved from the medical file. Stool habits were prospectively collected using standardized questionnaires. CTT was measured using the 6-day pellet abdominal X-ray method. ARM was performed in nonsedated children with a water-perfused, latex-free catheter. Results Forty out of 52 eligible patients consented to perform CTT, of which 19 also performed the ARM. Fifteen (37 %) SB patients were constipated despite treatment. Twenty-six (65 %) were (pseudo) continent. The total CTT was significantly prolonged in SB patients (median CTT 86.4 vs. 36 h controls). The CTT was significantly prolonged in constipated SB patients compared to non-constipated SB patients (122.4 vs. 52.8 h). Spontaneously continent patients had a normal CTT (33.6 h) as well as a significantly higher resting pressure compared to the pseudo-continent and incontinent SB patients (resting pressure 56.5 vs. 32.5 mmHg). An abnormal CTT was associated with a treatment necessity to achieve pseudo-continence (p=0.006).
Introduction
Spina bifida (SB) is a complex neuroembryological disorder characterized by a variable closing defect of the neural tube occurring at the third to fourth week of fetal life. SB is associated with multiple functional impairments: paralysis and sensory loss of the lower limbs, cognitive dysfunction, and abnormal bladder and bowel function [1] .
Bowel dysfunction such as constipation and fecal incontinence is present in 86 % of the SB patients [2] . Fecal incontinence, independent of the bowel treatment used, affects 20 to 40 % [1] [2] [3] [4] of these patients and is caused by intestinal motility disorders, anorectal dysfunction, and loss of rectal sensitivity [5] . However, achieving fecal continence is very important for the self-esteem of the patients [4] . In our center, a standardized stepwise approach of fecal incontinence is used with the aim to achieve (pseudo) continence [3] . Currently, this treatment chart does not take into account colon motility and/or anorectal function to stratify the therapy. This strategy can be time-consuming before efficient treatment results are reached, sometimes eroding patient motivation. Hence, the question arises whether the colonic motility results and defecation dynamics in these patients could be helpful in tailoring treatment and predicting achievable continence status. Up to date, literature is limited, as only one study demonstrated the usefulness of colon transit time (CTT) evaluation in the management of fecal incontinence in constipated healthy adults [6] . Radiologic, isotopic, and colorimetric methods and breath tests are all possible methods to measure CTT. The colorimetric method gives an accurate measurement of colon time but does not differentiate measurements between colon segments. The isotopic method and the radiologic marker method measure both total and segmental CTTs. The limitations of the radiologic method are the possible different migration of markers compared to nutrition or stools and the impossibility to discern the small intestine [7] . Scintigraphy using radiolabeled material tracked with a gamma camera through the entire gut has the disadvantage of using radioisotopes and the requirement of specialized equipment and staff [7] . Plastic marker studies are currently considered the gold standard for colon transit studies [8] .
Only two studies describe the results of anorectal manometry (ARM) in SB patients [9, 10] . Arhan et al. described four different manometric patterns; however, no correlations with fecal (in)-continence were analyzed [9] . Marte et al. found no correlation between urodynamic and anorectal manometric data [10] . Therefore, it remains to be shown whether CTT or ARM results contribute to optimize continence treatment of SB patient.
The aim of this study is to analyze CTT and ARM in children and young adults aged 6 to 19 years with SB in relation to their level of lesion, mobility, constipation, and continence status, and compare these results to healthy controls. Results will be analyzed regarding positive and negative predictive value for achieving fecal (pseudo) continence. Potentially, these results will contribute to the development of a more effective treatment strategy of fecal incontinence in SB patients.
Materials and methods

Patients and controls
This was a prospective study performed at the Spina Bifida Reference Centre (SBRC) of the Ghent University Hospital, wherein 155 SB patients are followed at least annually by a multidisciplinary team. Patients between 6 and 19 years old, who are not using antegrade continence enemas (ACE), were asked to participate during their visit at the SBRC between September 2011 and December 2012.
Methods
Patient characteristics (age, sex, level of lesion, surgical and medical history, medical treatment, mobility, mental ability, and urinary continence) were retrieved from the medical files. Mobility was defined as walking, semi-ambulant (patient using crutches, splints or a walker), or wheelchair bound. The level of lesion was defined in four groups: sacral S2 or below, S1-lumbar L3, L2-thoracal T10, T9, or above. Cognitive function was defined as normal (normal education), mildly impaired (adapted education, including simple reading and calculation skills at a lower than age-adapted level), or severely impaired (adapted education purely aimed at independence in activities of daily living).
The bowel habits of SB patients were studied using different questionnaires. The Bristol Stool Scale was used for scoring stool consistency [11] , the Rome III criteria list for pediatric functional constipation and incontinence [12] for evaluation of the presence of constipation, and the St. Mark's fecal incontinence grading system for evaluation of the degree of fecal incontinence considered during the last 2 months [13] .
SB patients were considered as constipated if two or more of the Rome III criteria for pediatric functional constipation were fulfilled (defecation frequency less than three times a week, hard stools, painful defecation, voluminous stools, weekly or more frequent fecal retention, and presence of abdominal impaction at physical examination) [12] . SB patients were considered as incontinent if involuntary fecal loss was more frequent than once a month [1] . Spontaneous fecal continence was defined as involuntary stool loss less than once a month without any therapy, and pseudo-continence as stool loss less than once a month while using therapy.
Anorectal manometry
ARM was performed by a single investigator (SVdV) using a water-perfused, latex-free catheter (MMS G-90080) with rectal balloon and three ports (1 cm apart) to measure rectal and anal sphincter pressures, while the fourth port was used to inflate the rectal balloon with a 60-ml air-filled syringe. Data were generated using MMS Solar GI® anorectal manometry analyser software. The children were awake and cooperative during the investigation.
The resting pressures were measured for 3 min after the pressure had stabilized with the catheter in place in the anus. The presence or absence of the recto-anal inhibitory reflex was determined by inflating the balloon with air (10, 20, 30, 40, 50, and 60 ml) for 3 s using phase inflations. The child was asked to squeeze and to push to pass the rectal balloon and to report the first sensation of rectal filling. Maximum tolerable volume was determined by inflating the rectal balloon until the child asked to stop the process. Children could withdraw from the examination at any time. Normal values for ARM were based on a study by Kumar with 90 healthy children between 3 days and 12 years old [14] .
Colon transit time
The total and segmental CTTs were measured according to the method described by Abrahamsson [15] . During six consecutive days, ten polythene radio-opaque markers (Marquat® Company, France) were taken at the same time every day, and a plain abdominal X-ray is made 24 h after the last ingestion of markers on day 7. The markers were identified and counted on the abdominal X-ray. The projection zones of the right colon, left colon, and rectosigmoid (RS) were limited by the bony landmarks as described by Arhan et al. [16] . CTTs in each segment and through the entire colon were calculated by multiplying the number of markers by 2.4 according to Abrahamsson [15] . Prior to the CTT study, any anti-diarrheic medication was stopped. Retrograde enemas were not given in the last 48 h of the CTT study and laxatives were continued as usual.
Normal values were based on CTT in a control group of 54 healthy volunteers (data submitted for publication) between 3 and 18 years old not suffering from constipation or incontinence according to the Rome III criteria [12] . The CTT of the control patients was performed using the same method and using the same landmarks as earlier described (data submitted for publication).
Statistics and ethics
Data were analyzed using IBM® SPSS Statistics 20 for Windows. Results are given as median and minimum-maximum or upper limit with 95th percentile, with the significance of differences between groups as tied p values. Nonparametric Mann-Whitney U test and the nonparametric ANOVA (Kruskal-Wallis test) were used to evaluate differences between the groups. Fisher exact test was used to evaluate the associations. The differences were considered significant at p value of <0.05. Positive predictive value (PPV) and negative predictive value (NPV) for fecal continence were calculated for both technical examinations and their combination. The study protocol was approved by the Ethics Committee of Ghent University, reference number EC UZG 2010/348. Informed consent for participation was obtained from all parents and also from those children with developmental age above 12 years.
Results
Fifty-two patients out of 155 were meeting the inclusion criteria and were asked to participate in the study. Forty (40/52; 77 %) SB patients consented to fill in the questionnaires and to perform a CTT study of whom only 19 (19/52; 37 %) also agreed to have an ARM. Table 1 describes the clinical characteristics of the SB children and young adult study population. The questionnaires confirmed persisting constipation according to the Rome III criteria despite current treatment in 15/40 (37.5 %) SB patients.
Eight patients were spontaneously continent without any treatment and 18 are pseudo-continent (26/40 or 65 %). The treatments used to obtain pseudo-continence were laxatives (5/40), regular toilet sitting (1/40), retrograde enemas (14/40), and manual evacuation (9/40). In this cohort 11/40 use no treatment, of which 8 were spontaneously continent. Spontaneous continence corresponded to a St. Marks score of 0 to 1.5 on a maximal total score of 10. For the patients with pseudo-continence, the scores varied from 0.5 to 5, and the incontinent patients had a score from 1.5 to 7.5 on a maximal total score of 10.
Anorectal manometry
Only 19 out of the 40 participants agreed to have an ARM performed. Most refused as they consider the manometry as an extra-time investment in an agenda already loaded with frequent doctor visits, investigations, and hospitalizations. The median resting pressure was 45 mmHg (10-62 mmHg); the median squeeze pressure was 43 mmHg (15-134 mmHg); 12/19 patients have dyssynergia. The median first sensation was 40 ml (10-230 ml); the median maximum tolerable volume was 100 ml (60-240 ml). Both resting (p=0.005) and squeeze pressures (p=0.012) were significantly higher in the spontaneously continent compared to the incontinent and pseudo-continent SB patients. The resting pressure for controls of >44 mmHg [12] was considered as normal. From the 19 patients, 8 (42 %) had a normal resting pressure. The PPVof a normal resting pressure to spontaneous continence is 57 %; the NPVof the abnormal resting pressure and becoming spontaneously continent is 100 %.
Colon transit time
The results of the CTT were summarized in Table 2 . SB patients have a significant (p=0.0001) longer total CTT compared to the controls. This difference was mainly due to the differences in right (p=0.0001) and left (p=0.001) CTTs between SB patients and controls. There was no difference in RS CTT between SB patients and controls. Seventeen SB patients (42.5 %) had a normal total CTT defined as below 79.2 h, being the 95th percentile of total CTT in the control group [15] , and fourteen (35 %) had a total CTT below the Arhan study cut-off (62 h) [16] . None of the clinical parameters (lesion level, mobility, or mental ability) were associated with the CTT as evaluated by a multivariate analysis. Although patients using retrograde colon enemas (n=14) as a group also had a significantly longer total CTT (p=0.001), right (p=0.0001), and left CTT (p=0.001) as compared to the controls, 5/14 did have a normal CTT. These patients used daily enemas in 4/5 with normal CTT and in 1/9 with prolonged CTT, whereas 1/5 patients with normal CTT and 8/9 with prolonged CTT used them every 2 to 3 days. As constipation and incontinence were the major bowel problems in SB, CTT was evaluated according to these issues in different subgroups. As could be expected, constipated SB patients had a significantly longer total CTT than nonconstipated patients (p=0.0001). This difference was mainly due to a difference in right CTT (p=0.0001) and left CTT (p=0.0001), without any difference in RS CTT. Although the SB patients without constipation had a longer median CTT than the healthy controls, this difference was not significant (Fig. 1) . Certain need for treatment In relation to the continence status, there was a significant difference between the incontinent, pseudo-continent, and spontaneously continent patients (p=0.0001). The spontaneously continent patients all had a normal CTT. The others had a prolonged CTT (Fig. 2) , whereas a normal CTT was significantly associated with the ability to achieve spontaneous fecal continence (p<=0.006), the PPV was only 47 %. The NPV of an abnormal CTT to become spontaneously continent is 95 %. There was no significant difference between the CTT of patients using retrograde enemas compared to SB patients using other treatment modalities. The total (p = 0.001), right (p = 0.0001), and left CTTs (p=0.001) of these patients were significantly different from the control population. The PPV for being spontaneously continent was 100 % if both CTT and anal sphincter pressure were normal.
Discussion
This study explored whether the results of CTT and ARM were associated with obtained results regarding fecal continence status by using a previously published stepwise approach [3] . Of the included SB patients in this cohort, 65 % was continent, with or without treatment. This was somewhat lower than the earlier reported 70 %, which can be explained by the fact that patients using an ACE for bowel enemas had been excluded from this study [3] .
The CTT was measured in a reasonable proportion of this study population. However, since half of the SB patients had refused to perform an ARM, this is an important limitation to the study. No relation was found between the lesion level or mobility and the results of the CTT or ARM.
About half of the patients studied with ARM had a normal anal sphincter resting pressure. This is in contradiction with the finding from Marte et al. [10] . However, Arhan et al. found that SB patients with normal manometric recordings had a higher continence rate (37 %) than SB patients with manometric abnormalities (continence 8-9 and 8 % respectively) [9] . The current study confirmed these previous results showing a normal anal sphincter pressure to be associated with, but not a guarantee for, spontaneous fecal continence in SB children.
The comparison of the CTT results to healthy controls was very reliable, as a local age-matched control group using the exact same method was available. The calculation of segmental CTT was based upon the bony landmarks and could have been influenced in SB patients by the presence of scoliosis. As only six patients in this study had a variable degree of scoliosis, it is not likely that this had an important influence on the final results. Another limitation was the fact that the influence of stress during the CTT measurement was difficult to account for. This study confirmed the results from Pigeon with a significantly longer CTT in SB patients compared to controls [5] . However, the absolute values were difficult to compare with our results, as they gave only the mean CTT. The CTT was significantly prolonged in 87 % (13/15) of children with SB and constipation. Constipation therapy seemed insufficient, as still 37 % of the patients were constipated, and it did not normalize CTT. The constipated SB patients in this study had a median CTT of 122.4 h which is significantly different from the CTT in the non-constipated SB patients. In contrast to this study, Pigeon et al. had not demonstrated a relationship between CTT and constipation. This could be possibly explained by their use of a different definition of constipation (less than five stools a week and/or difficult defecation) [5] .
Although two mechanisms (generalized slow transit and rectal retention with dyschesia) are generally described as being responsible for constipation in SB patients [17] , this study could not confirm any difference in RS CTT between SB patients and controls. Most of the SB patients did, however, have a slow transit constipation. The normal RS CTT in our cohort was probably influenced by the fact that 14/32 SB patients with fecal continence problems performed regular retrograde enemas and had continued to do so during the CTT except for the last 48 h before the abdominal X-ray.
This study was set-up in an attempt to predict continence based on the performed investigations. All but one patient achieving spontaneous continence in this cohort had a normal CTT, whereas patients with pseudo-continence and incontinence had a significantly increased CTT. Hence, an abnormal CTT seems to predict the need for therapy to achieve continence (NPV of 95 %, the remaining 5 % explained by this patient). The patient (15 years old) with prolonged CTT (100.8 h) developed also urinary incontinence 2 weeks after this study and has been signed up for a re-tethering operation 3 months later.
In this study cohort, the combination of a normal CTT and a normal ARM had a PPV for spontaneous fecal continence of 100 %. On the other hand, an abnormal anal sphincter resting pressure measured during ARM had a NPV of 100 %. Performing these examinations at the age of 4 or 5 years could perhaps give parents a more accurate prognosis regarding achievable fecal continence state in their children.
Further on, the study set-up was designed to try and tailor treatment. In the patients using retrograde enemas, five patients had a normal to fast CTT (55.2, 33.6, 24, 60, and 34 h), of which three were complaining of incontinence, and two had less fecal accidents (<1/week) after starting loperamide [18] . A normal CTT in patients using retrograde enemas was associated with a daily enema use (4/5), whereas a prolonged CTT was associated with enemas every 2 to 3 days (8/9), without affecting the continence rate. Possibly the CTT could help to decide in which patients the colon enemas can be given on an alternate day schedule without the risk of becoming fecal incontinent. These results were gathered in a flow chart (Fig. 3) in which both investigations could be used as a discriminator for proposed treatment.
Future research will be needed to answer remaining questions regarding this study. The evolution of CTT over the years as well as the influence of treatment on CTT still needs to be explored. Further on, incorporation of the flow chart will have to confirm whether it can really predict what will be needed to achieve continence in this difficult to treat patient group.
Conclusions
These study results imply that a normal anal sphincter resting pressure is a prerequisite but not a guarantee for becoming spontaneously continent. Combined with a normal CTT it predicts spontaneous fecal continence. All children with a prolonged CTT will need extra treatment, independent of their anal sphincter pressure. These results point at a possible role for these investigations in tailoring the therapeutic approach to achieve fecal (pseudo) continence in SB patients. Further on CTT seems to predict whether retrograde enemas can be spread to an alternate day scheme.
